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(57) Abstract 



The dielectric properties of wood (12) in a wood-drying kiln (10) is determined by having the wood disposed between electrodes 
(16), applying a sinusoidal voltage (38) to the electrodes via a resistive element (24), determining the phase angle (w) between the applied 
voltage (V|) and the voltage (V2) across the electrodes and the magnitude of these voltages, and determining from these values the phase 
angle and magnitude of the complex impedance between the electrodes. 
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- DETERMINING THE DIELECTRIC PROPERTIES OF WOOD - 



This invention relates to a method of 
determining the dielectric properties of wood, in 
5 particular for purposes of deriving therefrom a measure 
of the moisture content of the wood, and to means for 
use in such method. 



The moisture content of wood can be expressed 
as the difference between the wet weight and the dry 
10 weight of the wood, divided by the dry weight. 

When drying wood in a wood drying kiln, an 
end-point moisture content of 5% to 20% is normally 
required. Traditional methods of measuring the 
moisture content of wood, whilst reasonably accurate 
15 towards the end-point moisture content, become less 

accurate at higher values of the moisture content. At 
a moisture contents of above 30%, the traditional 
methods become completely unreliable. 



For the proper control of the environment in 
20 which wood is dried, for example, in a wood-drying 

kiln, it is important for the moisture content of the 
wood to be known accurately while the moisture content 
is still relatively high, e.g. above 30%. If the 
moisture content is accurately known at these 
25 relatively high values it becomes possible to 

accelerate the drying process considerably, without 
causing undue stresses in the wood. 

According to the present invention there is 
provided a method of determining the dielectric 
30 properties of wood, which method includes having the 
wood disposed between electrodes, applying a varying 
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electrical signal to the electrodes, measuring the 
electrical values of the signal, and determining from 
the measured values the phase angle and magnitude of 
the complex impedance between the electrodes, 

5 The varying electrical signal can 

conveniently be a sinusoidal voltage and can be applied 
to the electrodes via a resistive element, and the 
phase angle between the applied voltage (i.e. the 
voltage before the resistive element) and the voltage 
10 across the electrodes (i.e. the voltage after the 

resistive element) , and the magnitudes of said voltages 
determined. From this it is possible to derive the 
phase angle and magnitude of the complex impedance 
between the electrodes. 

15 it will be understood that one of the 

electrodes may be ground, i.e. the structure on which 
the wood is supported, where the structure is of an 
electrically conductive material - 

The measured values may be determined in an 
20 electronics module which is in close proximity to the 
electrodes, and the phase angle and magnitude of said 
complex impedance may be determined from the measured 
values in data processing means which is remote from 
the electrodes, there being a data link between the 
2S electronics module and the data processing means. 

Further according to the invention there is 
provided means for determining the dielectric 
properties of wood, which comprises a pair of 
electrodes between which the wood can be disposed, and 
30 means for determining the phase angle and magnitude of 
the complex impedance between the electrodes. 

Still further according to the invention 
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there is provided a wood-drying installation which 
comprises a wood-drying kiln and means for determining 
the moisture content of wood being dried in the kiln, 
said means compr is ing a pair of electrodes between 
5 which the wood in the kiln can he disposed, and means 
for determining the phase angle and magnitude of the 
complex impedance between the electrodes. 

The means for determining the phase angle and 
magnitude of the complex impedance between the 
electrodes may comprise a resistive element connected 
in series with one of the electrodes, means for 
applying a sinusoidal voltage to the electrodes via the 
resistive element, and means for determining the phase 
angle between the applied voltage and the voltage 
across the electrodes and the magnitudes of said 
voltages . 

The invention will now be described in more 
detail, by way of example, with reference to the 
accompanying diagrammatic drawings. 

In the drawings : 
Figure 1 is an end view of a stack of timber, in a 
wood drying kiln provided with measuring means in 
accordance with the invention ; 

Figure 2 is a block diagram of the measuring 
means ; 

Figure 3 shows certain voltage waveforms; and 
Figure 4 is a phasor diagram of the voltages * 

Referring now the drawings in more detail P 
reference numeral 10 indicates a wood-drying kiln in 
30 which there is a stack of timber 12. The timber 12 is 
arranged in layers which are spaced from one another by 
means of spacers. The environment inside the kiln is 
controlled according to the moisture content of the 
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timber . 

To determine the moisture content of the 
timber accurately, the kiln is provided with measuring 
means comprising an electronics module 14 outside but 
5 in close proximity to the kiln, a pair of electrodes 16 
inside the iciln and coupled to the module 14 by means 
of electrical connections IB, and a remote data 
processor 20 which is connected to the electronics 
module 14 by means of a data link 22. Where there are 
10 a number of kilns 10 , each with its own electronics 
module 14, the various electronics modules may all be 
connected to the same data processor 20. 

The electrodes 16 are in the form of metal 
plates and are simply inserted into the spaces between 

15 layers in the stack 12 . It is an important feature of 
the invention that the electrodes 16 need not be 
cleaned prior to insertion into the stack, as operation 
of the apparatus is not affected by the degree of 
physical contact with the timber. The size and exact 

20 position of the electrodes is also not important. If 
the size and/or position of the electrodes is changed, 
all that will be required is for the system to be 
recalibrated. 

The electronics module 14 serves to measure 
25 the values that are required to determine the phase 
angle and magnitude of the conplex impedance between 
the electrodes 16. This is achieved in the following 
manner. The electronics module 14 includes a resistive 
element 24, connected in series with one of the 
30 electrodes, and an oscillator 26 and associated driver 
2 8- whereby a sinusoidal voltage can be applied to the 
electrodes via the resistive element. The oscillator 
26 has a frequency which is in the ultra-sonic range, 
for example in the order of 40kHz. The impedance 
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indicated at 30 represents the impedance between the 
electrodes 16. 

The electronics module 14 further comprises a 
super- fast comparator 32 which is connected via a 
5 precision buffer 34 to the output of the driver 28, and 
via a precision buffer 36 to one of the electrodes, the 
other electrode being connected to ground. 

The waveform of the applied voltage (i,e. the 
output of the driver 28) is indicated at 38 in Figure 

10 3, whereas the waveform of the voltage across the 

electrodes 16 (i.e. after the resistive element 24) is 
indicated by reference numeral 40 in Figure 3. In 
Figure 4 the applied voltage 38 is indicated by the 
phasor V x and the voltage across the electrodes by the 

15 phasor V 2 . Because the impedance 30 is a complex 
impedance, there is a phase difference between the 
voltages and V 2 , this being indicted by the angle u 
in Figure 4. V r in Figure 4 is the voltage across the 
resistive element 24. 

2 0 The comparator 32 serves to convert the 

sinusoidal voltages 38 and 40 to square-wave voltages 
42 and 44 respectively. 

The electronics module 14 further comprises 
an exclusive OR (XOR) circuit 46 whose output is 

25 indicated at 48 in Figure 3. The RMS value of the 

output 48 varies in proportion to the phase difference 
between the voltages 3 8 and 40. The outputs of the 
buffers 34 and 36 and the output of the XOR circuit 46 
are fed via a multiplexer 5 0 to an RMS- to-DC converter 

30 52 . The multiplexer 50 has a relatively slow sampling 
rate as compared with the frequency of the applied 
signal. 
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Output 54 of the RMS-to-DC converter 52 is 
relayed to the data processor 20 via the data link 22. 

The phase angle of the impedance 30 is 
determined by making use of the following equations: 
5 a = V 2 *cos ai 

b = V 2 *sin qj 
d = V x /{-a* (a/b - b) } 
c = a*d/b 
= d/{R*27rf} 
10 R x - R/(c-l> 

Where: V x is the amplitude of the applied 

voltage ; 

V 2 is the amplitude of the voltage 
across the electrodes ; 
15 <j is the phase difference between the 

voltages V x and V 2 ; 
R is the series resistive element 24; 
f is the frequency of the applied 
voltage ; 

20 C,, is the value of the capacitive 

component of the complex impedance 
30; and 

R^ is the resistive component of the 
complex impedance 30. 



25 assuming that the capacitive and a resistive components 
of the impedance are in parallel . 

In the event that the complex impedance 
includes an inductive component <LJ in parallel with 
the capacitive component C x , the value of L x can be 
30 determined independently from C K by measuring the 
complex impedance at two different frequencies. 



It will be appreciated that other methods can 
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be used to determine the phaee angle and magnitude of 
the complex impedance 30. 

The moisture content of the timber is derived 
by suitable data processing in the data processor 20. 
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CLAIMS : 

1. A method of determining the dielectric 
properties of wood, characterised in that it includes 
the steps of having the wood (12) disposed between 
electrodes (16) , applying a varying electrical signal 
to the electrodes, measuring the electrical values of 
the signal, and determining from the measured values 
the phase angle and magnitude of the complex impedance 
between the electrodes. 

2, a method as claimed in claim 1, characterised 
in that the varying electrical signal is a sinusoidal 
voltage (38) applied to the electrodes (16) via a 
resistive element (24) ; and that the measured values 
are the phase angle (u) between the applied voltage 
(V x ) and the voltage across the electrodes (V 2 ) , and 
the magnitudes of said voltages. 

3 . A method as claimed in claim 2 , ch a r acterised 

in that the measured values are determined in an 
electronics module (14) which is in close proximity to 
the electrodes; and that the phase angle and magnitude 
of said complex impedance is determined from the 
measured values in data processing means (20) which is 
remote from ttie electrodes; there being a data link 
(22) between the electronics module and the data 
processing means . 

4 . Measuring means for determining the 

dielectric properties of wood, characterised in that it 
comprises a pair of electrodes (16) between which the 
wood (12) can be disposed, and means (14, 20) for 
determining the phase angle and magnitude of the 
complex impedance between the electrodes. 

5 A wood-drying installation which comprises a 
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wood- drying kiln (10) and means for determining- -the 
dielectric properties of wood (12) toeing dried in the 
kiln, characterised in that said means comprises a pair 
of electrodes (16) between which the wood in the kiln 
can be disposed, and means (14 , 20) for determining the 
phase angle and magnitude of the complex impedance 
between the electrodes. 

6. A wood-drying installation as claimed in 

claim 5, characterised in that the means for 
determining the phase angle and magnitude of the 
complex impedance between the electrodes comprises a 
resistive element (24) connected in series with one of 
the electrodes (16), means (26, 28) for applying a 
sinusoidal voltage (38) to the electrodes via the 
resistive element, and means (34.-46) for determining 
the phase angle [(d) between the applied voltage {Vj 
and the voltage (v 3 ) across the electrodes and the 
magnitudes of said voltages . 

7< A wood-drying installation as claimed in 

claim 6, characterised in that the resistive element 
(24) and means (3 4... 46) for determining the phase 
angle (co) between the applied voltage (V x ) and the 
voltage (V 2 ) across the electrodes and the magnitudes 
of said voltages form part of an electronics module 
(14) which is in close to the electrodes; and in that 
it further comprises data processing means (20) which 
is remote from the electrodes, for determining from the 
measured values the phase angle and magnitude of said 
complex impedance; there being a data link (22) between 
the electronics module and the data processing means . 

8. A method of determining the dielectric 

properties of wood, substantially as herein described 
and illustrated. 
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9. Measuring means for determining the 
dielectric properties of wood, substantially as herein 
described and illustrated. 

10. A wood-drying installation, substantially as 
herein described and illustrated. 
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